NASA Innovative Advanced Concepts

Comet Hitchhiker: Harvesting Kinetic Energy from Small Bodies to

Enable Fast and Low-Cost Deep Space Exploration
Completed Technology Project (2014 - 2015)

Project Introduction

This idea can be intuitively understood by the analogy of fishing. Imagine a
fisherman on a small boat tries to catch a big fish that runs at a high relative
speed. Once the fish is on a hook, the experienced fisherman would let the
line go while applying a moderate tension on it, instead of holding it tightly. If
the line has a sufficient length, the boat can eventually catch up with the fish
with moderate acceleration. This concept brings three novel capabilities: 1.
Fuel-less landing and orbit insertion. We estimate that a comet hitchhiker
spacecraft can obtain up to ~10 km/s of delta-V by using a carbon nanotube
(CNT) tether. This level of delta-V enables a spacecraft to land on/orbit around
long-period comets and Kuiper belt objects (KBOs), which have not been even
visited by any spacecraft yet. With existing technologies only a fly-by is
realistic for these targets. 2. Non-gravitational slingshot around small bodies.
A comet hitchhiker can obtain ~5 km/s of additional delta-V by utilizing just
25% of the harvested energy for reeling in the tether and/or driving electric
propulsion engines. The tether is detached from the target after the desired
delta-V is obtained. Our concept enables to design a fast trajectory to a wide
range of destinations in the Solar System by taking full advantage of the high
relative velocity, abundance, and orbital diversity of small bodies. For
example, by hitching a comet with q=0.5 AU, a comet hitchhiker can reach the
current orbital distance of Pluto (32.6 AU) in 5.6 years and that of Haumea
(50.8 AU) in 8.8 years. 3. Deep space energy production. Assuming 25%
efficiency of regenerative brake, a 2-ton comet hitchhiker can produce ~25 GJ
of energy, which is sufficient to drive an instrument with 1 kW power
consumption over 290 days. If future storage device can achieve the energy
density of gasoline, 25 GJ can be stored in 500 kg of mass, making it a
potential energy source in the outer Solar System. Science missions enabled
by the comet hitchhiker concept are not only intellectually exciting but also
crucial to achieve a NASA's strategic goals to "ascertain the content, origin
and evolution of the Solar System." Three particular examples of such
missions are 1) exploration of primitive bodies, which preserve the chemical
composition at the formation of the Solar System, 2) in-depth observation of
KBOs, and 3) mapping of the distribution of interplanetary dust particles. All of
the three science missions require a level of delta-V in deep space that is
impractical or extremely costly using currently available technologies. Our
concept brings important advantages over a related concept of tether-based
flyby, which uses a fixed length of tether in order to change the direction of
the relative velocity like gravity assist. This concept cannot be used for landing
and orbit insertion because it does not reduce the relative speed. The comet
hitchhiker concept is distinct in that it reels out a tether while applying
regenerative brake force to accelerate itself, and at the same time, to harvest
energy. This approach allows the spacecraft to match its velocity with that of
the target, and as a result, enables soft landing on and orbit insertion around
unexplored bodies such as long-period comets and KBOs. We strongly believe
that the comet hitchhiker concept will advance the frontier of space
exploration to the most exotic worlds in the Solar System.
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Anticipated Benefits

This concept brings three novel capabilities: 1. Fuel-less landing and orbit
insertion. We estimate that a comet hitchhiker spacecraft can obtain up to
~10 km/s of delta-V by using a carbon nanotube (CNT) tether. This level of
delta-V enables a spacecraft to land on/orbit around long-period comets and
Kuiper belt objects (KBOs), which have not been even visited by any
spacecraft yet. With existing technologies only a fly-by is realistic for these
targets. 2. Non-gravitational slingshot around small bodies. A comet hitchhiker
can obtain ~5 km/s of additional delta-V by utilizing just 25% of the harvested
energy for reeling in the tether and/or driving electric propulsion engines. The
tether is detached from the target after the desired delta-V is obtained. Our
concept enables to design a fast trajectory to a wide range of destinations in
the Solar System by taking full advantage of the high relative velocity,
abundance, and orbital diversity of small bodies. For example, by hitching a
comet with g=0.5 AU, a comet hitchhiker can reach the current orbital
distance of Pluto (32.6 AU) in 5.6 years and that of Haumea (50.8 AU) in 8.8
years. 3. Deep space energy production. Assuming 25% efficiency of
regenerative brake, a 2-ton comet hitchhiker can produce ~25 GJ of energy,
which is sufficient to drive an instrument with 1 kW power consumption over
290 days. If future storage device can achieve the energy density of gasoline,
25 GJ can be stored in 500 kg of mass, making it a potential energy source in
the outer Solar System. Science missions enabled by the comet hitchhiker
concept are not only intellectually exciting but also crucial to achieve a NASA's
strategic goals to "ascertain the content, origin and evolution of the Solar
System."
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Organizations

Performing Work Role Type Location Technology Maturity
(TRL)
ﬁ]et Propulsion Lead NASA Pasadena,
: ; lif ; Start: 1
Laboratory(JPL) Organization Center California s 1
. . . . Estimated End: 1
California Institute of Supporting Academia Pasadena,
Technology(CalTech) Organization California
University of Southern Supportin Los
i ) Y PP - g Academia  Angeles, M 2 3 4 5 6 7 8 9
California(USC) Organization . :
California .
Rpézzg?gh Development Demo & Test
Primary U.S. Work Locations
Y Technology Areas
California Primary:
e TXO01 Propulsion Systems
Project Transitions L~ TX01.4 Advanced
Propulsion
° July 2014: Project Start L TX01.4.4 Other
Advanced Propulsion
0 June 2015: Closed out Approaches

Closeout Summary: Summary of Activities eDeveloped the Comet Hitchhiker c

oncept, which is to hitch rides on small bodies (asteroids and comets) using a te . .
thered spacecraft. eIdentified five scientifically important missions that would be Ta rgEt Destination
enabled or significantly benefited by the Comet Hitchhiker concept. The five mis Others Inside the Solar System
sion concepts are: KBO rendezvous, Centaur rendezvous, Trojan rendezvous, Da

mocloid rendezvous, and Main asteroid belt tour to rendezvous with multiple (~

10) objects. eDerived the Space Hitchhike Equation, or the rocket equation for h

itchhiker, which relates the specific strength of tether, mass ratio, and AV . Perf

ormed in-depth feasibility analysis of the critical components of the concept thro

ugh: - Finite-element simulations of tether and spacecraft dynamics -Supercomp

uter simulations of the hypervelocity impact of harpoon on a small body ePerfor

med public outreach activities including the collaboration with a concept artist of

the Museum of Science Fiction, exposure to media, and public presentations. Wo

rild Book
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Project Website:

https://www.nasa.gov/directorates/spacetech/home/index.html
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